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[1], [2] , Eliane Aparecida Fávaro [2] , Maisa Carla Pereira Parra [2] , Thiciane Cristian dos Santos [1] , Juliana Haines Cassiano [2] , Keli Vanessa de Souza Deitz [2] , Aline Michelle dos Santos Pagliotto [1] , Nathália Zini [1] , Daniela Regina Benetti [2] and Francisco Chiaravalloti-Neto [3] [1]. The quantifi cation of Aedes aegypti larvae and pupae is practical in small-and medium-sized containers but becomes diffi cult in large ones. Sampling large containers is laborintensive and time-consuming, and it is also considered to be privacy-invasive by household residents 1 . Several authors [1] [2] [3] [4] have proposed alternative techniques, such as sweep-net or sweeping methods, to estimate the number of immature A. aegypti in large water-storage containers. Based on studies of this technique, Tun-Lin et al.
4
, RomeroVivas et al. 3 and Romero et al. 5 reported that a single sweep around the container at the water's surface (the water-surface sweeping method) is suffi cient for estimating the number of larvae and pupae present, while other authors have suggested that the method is more effective when performed in a swirling motion. Kubota et al. 1 proposed eight sequential sweeps to estimate the number of stage IV instars. Knox et al. 2 argued that a fi ve-sweep technique around the entire container (the fi vesweep netting technique) is able to estimate the total number of immatures. The objective of this study was to conduct laboratory evaluations of two methods used to estimate the amount of immature A. aegypti in large water-storage containers, watersurface sweeping and fi ve-sweep netting. The presence of A. aegypti in the city was detected by a survey performed in 1985, and the fi rst autochthonous cases of dengue were recorded in 1990 together with the introduction of the serotype 1 dengue virus (DEN 1) virus. The disease is considered to be endemic to the city 6 , and four viral serotypes are currently in circulation.
Immature A. aegypti were obtained by placing oviposition traps at pre-selected sites in São José do Rio Preto. Straws were removed from the traps and taken to the laboratory for drying, counting and storing of the eggs. Next, the eggs were submerged in plastic trays for hatching. The larvae were fed with fi sh feed until stage III/IV instars and pupae appeared, which were subsequently used for experimentation.
The experiments were conducted in three stages: the fi rst stage, performed in November 2008, included only A. aegypti pupae; the second stage, performed in June/July 2009, included III/IV instars and pupae; the third stage, performed in July/ August 2010, also included III/IV instars and pupae. The sweeps were performed using a fi ne white-mesh net (15cm in diameter and 20cm in length) with a 1.5m handle. The watersurface sweeping method, consisting of a single sweep around the periphery of the container at the water's surface, was used in stages 1 and 2 3, 4 . The fi ve-sweep netting method, as described by Knox et al. 2 , was used in stage 3. The water-surface sweeping method was performed at three water levels ( 1 / 3 , 2 / 3 and 3 / 3 ) in three large water-storage containers: a 200 liters plastic drum, a 500 liters round polyethylene water-tank and a 1,000 liters swimming pool. The fi ve-sweep netting method was performed in drums and water-tanks. A 15-sweep experiment was conducted for each container type and water level.
In stage 1, each experiment involved introducing 70 pupae into each container for the fi rst fi ve sweeps, 140 pupae for the next fi ve sweeps and 210 pupae for the last fi ve sweeps. In stages 2 and 3, A. aegypti III/IV instars and pupae were placed in containers at a 9:1 larvae:pupae ratio at three different numbers of immatures (60, 160 and 320), with fi ve sweeps per quantity.
Five minute intervals were observed between sweeps. The duration of each sweep was timed, and the water temperature was measured. All III/IV instars and pupae sampled from each sweep were counted, and dead or damaged immatures Aedes aegypti were replaced.
The experimental data were recorded in spreadsheets, and si mple linear regression analyses were used to calculate calibration factors (CFs) 7 , indexes that, when multiplied by the number of immature Aedes aegypti collected by sweeping, allow estimation of the number of immature A. aegypti in each container type and volume 3 .
For linear regression analysis, the number of immature A. aegypti collected by sweeping was considered as the dependent variable, the number of immature A. aegypti residing in the container was considered as the independent variable, and the intercept was set equal to zero (the inexistence of immature forms harboring the container corresponded to zero immature forms collected by sweeping). The outcomes of these analyses were the linear regression coeffi cients, the va lues of the coeffi cients of determination (r 2 ) that were used to compare the calibration factors derived in the three stages of the study and the p-values of the models (F-test). The CF values corresponded to the inverse of the regression coeffi cient values. Mean water temperature and sweeping duration (± standard deviation) were measured in each experiment.
The CFs derived for larvae and pupae are shown in Figure 1 , with respective 95% confi dence intervals for each stage, container type and volume. Regression analysis models for all experiments were signifi cant, with p-values less than 0.003 (F-test). The CFs derived for larvae were higher than those for pupae, indicating that a higher percentage of pupae were collected in all experiments compared to larvae. The mean water temperature (ºC) and sweeping duration (s) for each experiment are shown in Table 1 . Generally, the mean water temperature showed little variability across the three study stages. The mean sweeping durations ranged from 19 to 47s and were lower for the drum and water-tank and higher for the swimming pool. The mean sweeping duration was higher in stage 3 compared to stages 1 and 2.
The coefficients of determination (r 2 ) from the linear regression analyses used to derive the CFs estimating the number of larvae and pupae are shown in Table 2 . In stages 2 and 3, all coeffi cients of determination were higher for pupae compared to larvae, except in two cases. In stage 3, all coeffi cients of determination for larvae and pupae were equal to or higher than those observed in stage 2, except in one case. Moreover, the coeffi cients of determination for pupae in stage 3 exhibited less variation than those in stages 1 and 2.
In routine epidemiological surveys, especially surveys designed to calculate the productivity of A. aegypti larvae and pupae, total immature counts are impractical in large waterstorage containers because they are time-consuming and 8 . In this study, the use of the sweeping method coupled to a CF 3 was found to be a viable alternative for use in entomological surveys. This technique allows for a rapid estimation of the number of immatures in large water-storage containers without disposal of the water in the container. In this study, the average time for the entire procedure was always less than one minute, even for the fi ve-sweep netting technique in water drums and tanks and for the water-surface sweeping performed in swimming pools.
In a study conducted in Fortaleza, Martins et al. 9 verifi ed that water drums and tanks corresponded to 11.8% and 9.8% of the total containers that could harbour immature A. aegypti, respectively. Water drums and tanks are still used for water storage in São José do Rio Preto (SUCEN: unpublished data), even though virtually all households in the city have adequate tap water and sanitation systems 10 . When confronted by entomological surveillance technicians, household residents strongly oppose the disposal of the water accumulated in these large containers for immature counting. Therefore, larger waterstorage containers should be surveyed with the fi ve-sweep netting technique, given the superior results obtained with this method as compared to the water-surface sweeping method 2 .
The superior results obtained with the fi ve-sweep netting method are due to the accumulation of immatures in the center
